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1) Borazine compounds, having weak aromatic property, are 
six-member ring compounds in which nitrogen and boron atoms are 
alternatively joining to each other. Borazine polymers, in which 
every group on the nitrogen and boron is occupied by hydrogen 
atoms, dehydrogenative condensation of borazine itself or 
condensation with amines progresses easily and, therefore, those 
borazine polymers can be used for row materials of the 
boron-nitride ceramics produced by the heat sintering or CVD 
processes. However, borazine and its derivatives useful as row 
materials for ceramics are in general extremely high in hydrolytic 
property and, therefore, need careful handling in a dry box, etc. 
Formerly, any try of introducing the borazine skeleton into 
high-polymer materials was not made. Recently, we have focused 
attention on the fact that introducing organic groups into borazine 
skeletons facilitates handling of them in the air. We are studying 
the hydrosilylation polymerization of triethynyl-borazine with 
hydrosilane to develop heat-stable polymers. This report relates 
to evaluation of the film-formation property, mechanical 
characteristic and etching characteristic of the silicon-borazine 
polymer which has been evaluated to be promising as the low-k 
insulating material for semiconductor use. 

2) N,N%N"-trimethyl-B,B%B"-trichloroborazine was 
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synthesized by reaction of boron trichloride with methylamine 
hydrochloride and, furthermore, triethynyl-borazine (1) was 
synthesized (yield 40 to 50%) by reaction with the ethynyl 
magnesium chloride. In the presence of industrial platinum 
catalyst, hydrosilylation polymerization of the synthetic material 1 
and tetra methyl cyclotetrasiloxane (2) (molar ratio 1:1) was made 
in the toluene under nitrogen environment, while the monomer 
consumption being monitored with a gas-chromatographic detector. 
The homogeneous polymer solution was thinned over silicon wafers 
by the spin-coating method and, after the wafers are heated at 300 
to 500°C in the argon atmosphere, aluminum electrodes were 
deposited and permittivity was measured. Mechanical strength 
was measured by the nano-indentation method. Furthermore, the 
polymer films were used for low-k organic hard masks and 
comparative etching tests were carried out. 

3) Hydrosilylation polymerization of the synthetic materials 

1 and 2 progressed quantitatively, and the resulting polymer 3 was 
subjected to NMR and IR analyses. The result indicated a 
vinyl-silane type skeleton in which one hydro-silane is added to the 
acetylene linkage of monomer 1. Polymerization reaction 
progressed under the dilution condition (monomer concentration 
0.025 to 0.06 N) makes it hard to turn into a gel, thus providing a 
homogeneous solution. Using ethyl benzene solvent high in 
boiling point provides the uniform film by the spin coat method. 
Film thickness was adjustable to several thousand angstroms, 
depending on the polymerization temperature and the number of 
times of coating. It was found that adhesiveness to substrates can 
be improved by this film heating process. 

According to thermogravimetric analysis, polymer 3 
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indicated high thermal stability even in the air similar to that in the 
nitrogen (Figure 1). Increasing the temperature of polymer 3 up to 
300°C at the rate of 10°C/min and then keeping the polymer at 
300°C for 30 minutes contributed to furthermore increase in 
thermal stability, so that a high value of 564°C was obtained for 5% 
weight-loss temperature in the air. 

Silicon wafers were coated with thin film of polymer 3 by 
the spin coating method. The wafers placed in the argon stream 
were heated one hour at 200°C and then 0.5 hour at 300°C. The 
value of specific permittivity measurement was as low as 2.76 at 1 
MHz. 

Measurements of mechanical strength of the film 
indicated high values of 15 GPa in elasticity modulus and 1 GPa in 
hardness. 

Film etching characteristic was evaluated in the nitrogen 
gas, such as used for semiconductor processes, and in the 
hydrogen-nitrogen mixed gas. It was found that etching in the 
nitrogen gas was smooth, but etching in the mixed gas was 
progressed slowly. Since the hydrogen-nitrogen mixed gas is 
ordinarily used for etching the resist materials and organic polymer 
insulating films, processing was made by utilizing polymer 3's 
etching characteristic so that the film serves as the hard mask for 
organic polymer insulating films. The obtained processed state is 
shown in Figure 3. 

Silica conventionally used for industrial insulating films, 
as well as silicon carbide and silicon nitride used for hard masks 
are required to be saved because they need etching by means of 
PFC gas being one of global greenhouse gases. Even if an organic 
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polymer material is used in place of these inorganic materials, 
however, the organic material needs to be etched by a gas identical 
to the resist material used for drawing wiring patterns. Hence, 
there is the necessity of using silica or the like for a hard mask to 
be inserted between the resist material and the organic polymer 
material and, therefore, 100% elimination of the use of PFC gas is 
impossible. Additionally, because of high permittivity of the 
silica material for hard masks, effective permittivity of the 
insulating film and hard mask will be elevated as a whole. 
However, the result of our study indicates the possibility of 100% 
cutting the PFC gas by combining the organic polymer insulating 
film with the silicon-borazine polymer hard-mask. 

Additionally, a calculated effective permittivity for this 
combination was 2.7 which is an adequate value in the range 
required for the second- and third-generation semiconductor 
standard target. Although various kinds of interlayer insulating 
films are under development, no raw material satisfying the 
requirements of standards has been realized. Inorganic materials 
such as silica of industrial use involve the problem of reduction in 
mechanical strength due to implementation of using porous 
materials for lower permittivity to compensate high-k of the raw 
material itself. Contrastively, organic polymer materials are low 
in thermal strength and mechanical strength although they are 
generally low-k material capable to be thinned easily. The 
silicon-borazine polymer 3 of this report is an organic-inorganic 
hybrid polymer combining both organic- and inorganic-material 
features, having promise as insulating films for the 
second-generation semiconductors. In the future, there is the 
necessity of technologic study of thicker film formation technique 
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in addition to evaluation of various kinds of physical property 
necessary for more practical insulating films. This study is partly 
commissioned by NEDO. 
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Figure 1. TGA traces of 3 under 
nitrogen and air (10*0 /rain). 
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Figure 2. Etching process of an organic polymer 
. insulator tbin f Un witti 3 as a hardmask material. 




Figure 3. A scanning eiectron 
microscope (SEM) cross section 
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